Abstract. We present a volume-limited multiplicity survey with magnitude cutoff (m K ≤ 10.5 mag) of 158 young stellar objects located within or in the vicinity of the ρ Ophiuchi Dark Cloud. With exception of eleven already well observed objects, all sources have been observed by us in the K-band with 3.5 m telescopes by using speckle techniques. The separation range covered by our survey is 0.13 ≤ θ ≤ 6.4 , where the lower limit is given by the diffraction limit of the telescopes and the upper limit by confusion with background stars. The multiplicity survey is complete for flux ratios ≥0.1 (∆m K ≤ 2.5) at the diffraction limit. After taking the background density into account the degree of multiplicity is 29.1% ± 4.3% and thus only marginally higher than the value 23.5% ± 4.8% derived for the given separation range for the main-sequence solar-like stars in the solar neighbourhood (Duquennoy & Mayor 1991) . We discuss the implications of these findings.
Introduction
The detection of an overabundance by a factor of two of binaries among the young stars in Taurus when compared to the results for the main sequence Leinert et al. 1993; Reipurth & Zinnecker 1993 ) made it very clear that binarity indeed is the dominant mode of star formation. Consequently, in the years after these studies both theoretical and observational work on binaries among young stars and binary formation was intensified. Observationally, two main routes were followed: studying the fraction of binaries in associations and in young clusters, both with the aim to learn about the conditions which influence the preference of binary over single star formation. The study of associations, all of which were about at the same distance of ≈150 pc and are about equally young (several million years) has so far not given a clear picture, see e.g. the summary by Duchêne (1999) : the duplicity is high in Taurus (see references above), CrA Reipurth & Zinnecker 1993) and Scorpius (Köhler et al. 2000) , while it almost corresponds to main-sequence values or is even lower in Chamaeleon and Lupus (Brandner et al. 1996; Reipurth & Zinnecker 1993; Köhler 2001) . To identify the reason for this different behaviour will need further observational studies and continued discussions on the interpretation, although Durisen & Sterzik (1994) proposed a possible Based on observation with the New Technology Telescope (NTT, proposals 65.I-0067 and 67.C-0354) and the 3.6 m telescope (proposal 65.I-0086) at the European Southern Observatory (ESO), La Silla, Chile and the 3.5 m telescope at Calar Alto, Spain. Table 2 and Appendices A and B are only available in electronic form at http://www.edpsciences.org explanation, namely that fragmentation should lead to lower fractions of binaries for higher initial cloud temperature.
The situation is somewhat more settled in the case of clusters. The advantage here is that clusters of different age can be studied in order to get information on the temporal evolution. The result is that even the youngest of them, the Trapezium, does not show an overabundance of binaries (Prosser et al. 1994; Petr et al. 1998; Padgett et al. 1997) . It is true that N-body simulations, e.g. Kroupa (1995) indicate that in dense clusters the fraction of binaries could be reduced by gravitational interactions within 1 million of years from "high" to "normal". But the assumption that the lower fraction of binaries in dense clusters may be intrinsic and determined by the density as a parameter remains an attractive hypothesis ).
Although there is evidence for an overabundance of multiple systems in the Ophiuchus star forming region compared to the main-sequence Simon et al. 1995; Duchêne 1999) , the statistics are based only on a small number of systems observed with various techniques. To derive a survey for the ρ Ophiuchi cloud complex (Sect. 2) that is comparable to our surveys of the Taurus star forming region (Leinert et al. 1993; Köhler & Leinert 1998) we created a magnitudelimited sample (Sect. 3) based on previous work that determined the cloud membership of our targets. With exception of some well-studied objects we observed our complete survey by using speckle techniques at 3.5 m telescopes (Sect. 4). To reduce the data we used a software package (Sect. 5) developed in our group during the last years. After the correction of the raw data (Sect. 6) we discuss the results in terms of age and (Loren 1989) . Each triangle marks a star of our sample. Filled triangles indicate double or multiple systems. The squares frame those areas that are used for the determination of the stellar background density. With exception of two cases the squares are centered around or near stars included in our sample. While the empty square close to the center of the core contains ISO-Oph 13 and ISO-Oph 14, the second one southeast of ρ Oph is centered around VSS 28. Bright prominent stars not included in our sample are marked by a white asterisk, while black ones represent stars used as a PSF reference. All coordinates are in equinox J2000.0. density effects (Sect. 7). A summary of the results is given in Sect. 8.
The cloud complex
The ρ Ophiuchi Dark Cloud (L1688, see Fig. 1 ) is the densest part of a complex of vast dark nebulae and molecular clouds that extends from l ≈ 345
• to 10
• and from b ≈ 0 • to +25
• . The eastern part of this complex is dominated by long elongated filaments. A scenario presented by de Geus (1992) assumes that early-type stars located in the Upper-Scorpius OB association (l ≈ 360
• . . . 343
• , b ≈ +10
• . . . + 30 • ) produced a shock-wave that encountered the dense precursor of the ρ Oph cloud from behind, swept away material and deposited it in the present day filaments. This encounter may also have triggered the continuing low-mass star formation within this cloud, resulting in an extremely young population of stars with a median age of ≈0.3 Myr (Greene & Meyer 1995; Luhman & Rieke 1999) .
A recent paper by Sartori et al. (2003) investigates the star-formation process on a larger scale. They found that the pre-main-sequence stars within the Ophiuchus, Lupus and Chamaeleon molecular cloud complexes follow a similar spatial distribution as the early-type stars in the subgroups of the Scorpius-Centaurus OB association and a newly found OB association in Chamaeleon. Furthermore, the young objects form an almost uniform group with respect to their kinematics and ages. The most natural scenario to explain the measurements is a spiral arm passing close to the Sun. The global distribution of HII regions (Lépine et al. 2001 ) supports this hypothesis.
The distance to the ρ Oph cloud is still the subject of discussions. A lower limit was published by Knude & Hog (1998) who found a steep increase of reddening at 120 pc. An upper limit of 145 ± 2 pc has been derived by de Zeeuw et al. (1999) . They determined the distance of the Scorpius-Centaurus OB association in the background of the ρ Oph cloud by analysing positions, proper motions, and parallaxes of its members. In Casanova et al. (1995) (Table 2) 87 61 61 59 61 core X-ray + NIR, visual bona fide 2 Casanova et al. (1995) (Table 1) 19 8 8 7 7 core X-ray + NIR probable 3 Casanova et al. (1995) (Table 3) 22 2 2 2 2 core X-ray + NIR candidate 4 Wilking et al. (1989) (Table 4) this paper we assume a value of 140 pc. The same distance as measured for the Taurus-Auriga association and used by Köhler & Leinert (1998) . This allows a direct comparison of the results.
The sample
Our sample of 158 young stellar objects (YSOs) recruits from surveys at optical, infrared, and X-ray wavelengths (Table 1) . From these surveys we selected objects which can be considered as cloud members using criteria commonly applied in distinguishing young stars from background or foreground stars. The most convincing are detailed studies of the optical spectra (Herbig & Bell 1988; Bouvier & Appenzeller 1992) , infrared spectral energy distributions (Wilking et al. 1989; Greene et al. 1994; Elias 1978) , mid-infrared colour-magnitude relations (Bontemps et al. 2001) , and X-ray detections combined with optical/infrared information (Casanova et al. 1995; Grosso et al. 2000) . We tried to combine and observe a sample as reliable and complete as possible down to magnitude m K ≤ 10.5 mag. Therefore, we preferably included objects fulfilling more than one of the criteria infrared excess, X-ray detection, and Hα emission. The criteria met by the individual sources of our sample are indicated in Table 2 together with the number of the catalogue that lead to their selection. If the criteria did not appear strong, we marked the source with an "U". Our sample may be characterised as volume-limited with magnitude cutoff. It was intended to be larger in size and more statistically complete than earlier surveys. The coordinates and the magnitudes in the K-band presented in Table 2 are taken from the Two Micron All-SkySurvey (2MASS) Catalog of Point Sources. At the time of the preparation of our survey, we had the slightly different K-band magnitudes of Greene & Young (1992) and Barsony et al. (1997) available and used them to determine the magnitude cutoff. This means that some sources close to the cutoff and bright enough in the 2MASS survey were not observed, and vice versa.
We started to build the sample with the then new list of 87 1 confirmed cloud members presented in Casanova et al. (1995) . These authors analysed a deep ROSAT image of the central region of the ρ Oph star-forming region and compared the sources with a list of confirmed members mainly derived from the infrared surveys of Wilking et al. (1989) and Greene et al. (1994) . This list was completed by including ROXs 4, SR 2 and VLA 1623. It includes X-ray sources with an IR-counterpart but not detected in the visible. This strengthens the role of X-ray observations as a criterion of cloud membership. Since in Casanova et al. (1995) 67% of the found X-ray sources and 42% of the candidate X-ray sources are common with the list of confirmed cloud members, hitherto unconfirmed cloud members coinciding with the remaining (candidate) X-ray sources are probable new cloud members and thus also targets of our survey. After removal of the background giant VSSG 6 (Luhman & Rieke 1999) we are left with 61 certain and 10 probable cloud members (see Table 1 ). For the catalogue differences just mentioned IRS 46 and IRS 54, bright enough in 2MASS, did not make it into our sample, while WL 5 and WL 6 were observed.
From the table of cluster members in Wilking et al. (1989) , Hα 38, Hα 60, SR 20 and Hα 63 are missing in the list of Casanova et al. (1995) due to their position outside the investigated core region, as well as the objects IRS 7, IRS 8, IRS 14 where the IRAS association was uncertain. Also the source VSSG 12 was ignored for inconsistencies in the coordinates 2 . With exception of the spurious VSSG 12 and the faint objects IRS 7 and IRS 14 we reinserted these sources.
The multicolour infrared study by Greene et al. (1994) includes also sources in L1689 and L1709. We removed VSSG 13, VSSG 15, and VSSG 16, because they had been identified by Elias (1978) as field sources, and also the background giants GY 45, GY 65, GY 232, GY 411, and VSSG 6 1 To allow easier comparison of different papers the wide binaries SR 12, SR 24, ROXs 31, ROXs 43 are always counted as one object.
2 Although SIMBAD identifies VSSG 12 with GSS 30-IRS 2 Wilking et al. (1989) give other coordinates north of GSS 29. (Luhman & Rieke 1999) . From the remaining 37 sources brighter than m K = 10.5 mag 14 were new and are part of our sample. Bouvier & Appenzeller (1992) searched for counterpart candidates of X-ray sources detected with the Einstein satellite. Studying 46 optically visible stars lying in the error circles of 29 ROX sources with spectroscopic and photometric methods resulted in the identification of 29 certain and one probable (ROXs 45D = DoAr 48) cloud member. Of these, we added the 13 until now unaccounted cloud members to our list.
Out of 63 sources found with the ROSAT High Resolution Imager Grosso et al. (2000) could identify 54 with optical, infrared and radio sources. This emphasises again the usefulness of X-ray emission as criterion for membership. We observed seven of the nine new targets, omitting two which were close to the brightness limit.
Recently (Bontemps et al. 2001 ) presented an extensive mid-infrared survey of L1688, L1689N and L1689S performed with the ISOCAM camera on board the ISO-satellite at 6.7 µm and 14.3 µm. A catalogue of 212 sources detected at both wavelengths and classified as cloud members on the basis of colourmagnitude relations is now available. This catalogue includes 98 objects brighter than m K = 10.5 mag, of which twenty were not already included in our list. With exception of five sources close to the brightness limit all could be observed. If a source of our survey is included in this catalogue, the number therein is given in the second column of Table 2 .
In the third edition of their catalogue Herbig & Bell (1988) listed 24 sources towards the ρ Oph molecular clouds. In our complete field six sources were new and thus added to our list. Wilking et al. (1987) used objective-prism plates to survey 40 square degrees toward the Sco-Cen OB association including much of the ρ Oph cloud complex for Hα emisssion. Of the 57 objects not far from the central cloud L1688, nineteen were not yet included in our sample. They are mainly located in the western part of the complex. All sources of this catalogue that have been observed are indicated by their number in the third column of Table 2 . From the sources in Elias (1978) 26 fall into our region, of which three add to our catalogue. From the list of unidentified sources given in Wilking et al. (1989) thirteen sources are new and we could observe 10 of them.
The full list of sources brighter than 10.5 mag in the K-band would include 173 objects spread over the molecular clouds with a natural concentration in L1688. Our multiplicity survey covers 156 of these and 2 slightly fainter young stellar objects. Eleven well known sources among them have been already observed in the last decade by Ghez et al. (1993) and Simon et al. (1995) with speckle imaging and during lunar occultations, i.e. with sufficient resolution and sensitivity. So, there was no necessity to observe these sources again. They are marked in Table 2 with an "O".
Observations
The principle part of the speckle observations (Table 3) were carried out with the camera SHARP I (System for High Angular Resolution Pictures) of the Max-Planck-Institute for Extraterrestrial Physics (Hofmann et al. 1992 ) mounted on the (Herbst et al. 1993 ) on the 3.5 m telescope at Calar Alto, Spain and with SHARP II+ with the adaptive optics system ADONIS on the ESO 3.6 m telescope at La Silla. In Table 2 objects observed with BlackMAGIC are marked with a "B" while those observed with ADONIS/SHARP II+ are indicated by an "A". All observations have been performed in the K-band at 2.2 µm.
The cameras are equipped with an 256 × 256 pixel NICMOS3 array. To derive the exact pixel scale and orientation of the chips we took images of the Galactic Center and/or the Orion Trapezium during each observing campaign. We compared the instrumental positions of the stars with the very accurate coordinates given in Genzel et al. (1996) , Menten et al. (1997) and McCaughrean & Stauffer (1994) by using the astrometric software ASTROM. In the case of the observations with BlackMAGIC no such calibration frames are available. Here we compared the position angle and separation of Hα 71 given in Koresko (2002) with our result.
For each of the scientific targets we took between 500 and 1000 frames with an exposure time of 200 to 500 ms each to create the two fitscubes required for the data analysis (see Sect. 5). We centered the primaries in one of the four quadrants of the detector and shifted the target after half of the frames had been taken to another quadrant. If no companion was visible below the primary we used the lower two quadrants. The advantage of this shifting is the exact measurement of the background, both at the same time in different areas of the chip, and in the same area at a different time.
To analyse the data we also need speckle-images of stars that have no companions as PSF-references. In most cases we obtained time series of the star HD 148352 with a spectral type of F2V (Houk & Smith-Moore 1988) and a K-band magnitude of 6.511 ± 0.018 mag (2MASS). Another reference is the high proper-motion star HD 148428 with a spectral type of K0III+G (Houk & Smith-Moore 1988) and a K-band magnitude of 5.925 ± 0.024 mag (2MASS). These two stars are located in the foregound of the southern wing of L1688 and they are comparable to our brightest targets in the K-band. An additional reference used during the observations with BlackMAGIC is the G1 main-sequence star HD 147681. Its brightness is 7.508 ± 0.023 mag in the K-band (2MASS). The references for the objects observed with SHARP II+ are the single targets themselves. Fig. 2 . The visibility, the Knox-Thompson phase, and the bispectrum phase (from top to bottom) of the sources IRS 3, ROXs 31, VSSG 5, and VSSG 11 (from left to right) as reconstructed by our software. The increasing gap between the maxima in the visibility and the decreasing number of steps in the phases clearly indicate a decrease in separation: 0.663 , 0.396 , 0.148 , and 0.107 . VSSG 11 is an example of an object falling below the diffraction limit of the telescope, i.e. we are not able to decide whether it is a binary or an elongated structure. The spatial vector between the two components of a binary is perpendicular to the stripes in the visibility and the phases. The overall gradient of the phases eliminates the 180
• ambiguity. We get position angles of 115.5
• , 251.3 • , 133.9
• , and 180.1
• . The flux ratio (0.323, 0.655, 0.873, and 0.584) can be determined by the amplitude of the sinusoidal wave in the visibility and the transition between the steps in the phases. The smaller the flux ratio the smaller the height of the steps. The equally spaced horizontal stripes in the visibilities are artefacts, probably from an interference with the readout electronics.
Data analysis
We used our program speckle which has already been used for the surveys in Taurus-Auriga (Köhler & Leinert 1998) , Scorpius-Centaurus (Köhler et al. 2000) , and Chamaeleon (Köhler 2001) . In this program, the modulus of the complex visibility (i.e., the Fourier transform of the object brightness distribution) is determined from power spectrum analysis, and the phase is computed using the Knox-Thompson algorithm (Knox & Thompson 1974) and from the bispectrum (Lohmann et al. 1983) . For a more detailed description see Köhler et al. (2000) . A few examples are presented in Fig. 2 .
If the object turns out to be a binary or multiple star, we obtain the position angle, separation and brightness ratio of the components from a multidimensional least-square fit. Our program tries to minimize the difference between modulus and phase computed from a model binary and the observational data by varying the binary parameters. Fits to different subsets of the data give an estimate for the standard deviation of the binary parameters.
For the search of wide and faint companions we coadded the frames within one fitscube. This increases the sensitivity, because signals are amplified while the noise is reduced. On the other hand this merging process would introduce the atmospheric distortion again that has been "frozen" by the short integration time of speckle images. The technique of shiftand-add partially circumvents this problem. Here the frames are centered before they are summed up. This centering can be done either on the brightest pixel or the center of light. Afterwards, these pictures can be analysed with standard tools, like daophot. Fig. 3 . Results of our multiplicity survey in a plot of flux ratio or magnitude difference vs. binary star separation. The data points mark the detected companion stars. If a companion is a component of a triple star it is labeled with the name of the system. The thick line is the average, and the thin line the worst sensitivity for undetected companions. The dashed vertical line at 0.13 shows the diffraction limit for a 3.5 m telescope at K. This is the limit for unambiguous identification of binary stars. The dashed horizontal line shows the completeness limit in flux ratio for the whole survey.
If the object appears unresolved, we compute the maximum brightness ratio of a companion that could be hidden in the noise of the data. The principle is to determine how far the data deviate from the nominal result for a point source (modulus = 1, phase = 0) and to interpret this deviation as caused by a companion. The procedure is repeated for different position angles and the maximum is used as an upper limit for the brightness ratio of an undetected companion (Leinert et al. 1997 ). In Table 4 we list the values at a distance of 0.15 arcsec and 0.50 arsec from the primary. After subtraction of the companion(s) the first value is also calculated for double or multiple stars as an indicator for the quality of the fit (Table 5 ).
Results

Uncorrected data
In Tables 4 and 5 we list our results. Objects also observed in other near-infrared high-resolution studies are identified. In total, among the 158 targets of our sample, we find up to separations of 6.4 45 binaries, 5 triple systems (ROXs 16, WL 20, ROXs 42B, L1689-IRS 5, and SR 24), and no quadruples. The flux ratio or magnitude difference vs. the separation of these systems is plotted in Fig. 3 .
Completeness
The sensitivity of our survey as a function of the separation (see Fig. 3 ) depends on factors such as atmospheric conditions at the time of the observations or the brightness of the target star. Since we derive for each dataset with our reduction method the maximum brightness ratio of a possible undetected companion (see Table 5 ), we can continuously monitor the quality of our data. At the diffraction limit we reached in 85% of the observations our quality criterion of a flux ratio ≤0.1 (≥2.5 mag) in the K-band. Twenty-two observations are not quite sensitive enough to fit this request. The maximum brightness of an undetected companion at the diffraction limit varies here between 0.11 and 0.19. In the case of IRS 44 where the data are very noisy, we provide in Table 5 the flux ratio of the detected companion (∼0.2) at a separation of 0.26 as upper limit for the brightness of an undeteced companion.
Based on the surface density of companions found in Fig. 3 at separations larger than 0.13 in the range between the requested flux ratio of 0.1 and the detection limits of the twentytwo measurements described above, the probability to have missed one companion is 40%. Since the real sensitivity deficit is only relevant for separations below 1 , this estimate represents an upper limit. We are thus confident, that we have found all companions with a magnitude difference ≤2.5 mag.
Lower separation limit
The lower limit of 0.13 is given by the diffraction limit λ/D of a 3.5 m telescope in K. Nevertheless, it is possible to detect under good circumstances companions down to a separation of 1 2 λ/D, where the first minimum of the modulus of the complex visibility can be seen. In these cases it is not longer possible to definitely distinguish between an elongated structure and a binary star. Figure 3 shows that we actually found such candidates: ROXR1-12, VSSG 11, ROXs 16, Hα 59 and ROXs 42B. Also the close companion of SR 20 would fall below our diffraction limit. It was detected below the diffraction limit of the Hale 5 m Telecope of Palomar Observatory by Ghez et al. (1993) .
Background
Since it is not possible with our data to distinguish between gravitationally bound companions and mere chance projections of background stars, it is necessary to quantify this bias. Therefore, we analysed 104 fields covering ≈6.5 arcmin −2 each, that are centered around 24 infrared sources of our sample, ISO-Oph 13 and VSS 28 (see Fig. 1 ). These fields were Names adopted from Barsony et al. (1997) are given without the leading "BKLT" and thus start with "J16". * References are given in Table A .1 in the appendix. * * Additional lunar occultation companions. Names adopted from Barsony et al. (1997) are given without the leading "BKLT" and thus start with "J16". * References are given in Table A .1 in the appendix. * * Additional spectroscopic or lunar occultation companions. created by mosaicing images obtained with the infrared camera Ω-Cass in the K-or K s -band (see Table 3 ). Ω-Cass was mounted on the 3.5 m telescope at Calar Alto, Spain. After excluding the central region with a radius of 6.4 arcsec corresponding to the largest separation found in our sample, we divided each mosaic into four equal fields. Although we detected three companions with a K-band magnitude around 15 (see Fig. 4 ), these were found in the shift-and-add images and are thus not representative for the detection limit of our survey. The upper limits provided by the speckle software for non-detected companions are much better suited for this purpose. As shown in Fig. 4 they correspond to m K = 14 mag for the fainter primaries.
The results of counting the stars down to the 14th magnitude in each field is plotted in Fig. 5 • in declination as center and the remaining area as periphery, we find no significant difference between them. The background density of 1.5 × 10 −4 arcsec −2 is in good agreement with the value 1.6...1.7 × 10 −4 arcsec −2 that we derived from the survey of Barsony et al. (1997) by counting the stars brighter than m K = 14 mag.
Could chance coincidences with background galaxies have led to a false classification as young stellar object or to a spurious detection of a companion? The answer is no. The galaxy counts performed with the same instrument as used by Bontemps et al. (2001) give values of about 25 000 sr −1 (Serjeant et al. 2000) for the mid-infrared and the relevant sensitivity limits of 5 mJy at 6.7 µm and 10 mJy at 14 µm. The probability is only 1% that any one of the objects in our sample could be close enough to such a galaxy, i.e. within 9 , to have its mid-infrared photometry affected by the presence of this galaxy. Similarly, the K-band galaxy counts (Gardner et al. 1993; Huang et al. 2001 ) result in about 0.1 galaxies per magnitude interval per square degree at m K = 10 mag. The number increases with magnitude ∝10 0.67m K down to m K = 16.5 mag. This gives a probability of 1.4% that any one of the objects could have the photometry affected by a close galaxy, i.e. residing within a 4 diameter. A probability of only 14% is found that any of the companions within our limits of 6.4 radius and m K ≤ 14 mag would be a background galaxy.
Surface density
An interesting property of a star forming region is the surface density Σ(θ) of companions (see Fig. 6 ). Over the separation range 0.13 ≤ θ ≤ 6.4 a linear regression of the surface density leads to
which means that the number of companions is almost constant per logarithmic separation interval (see Fig. 3 ). This is nearly the same value as derived for the Taurus star forming region (Köhler & Leinert 1998 ). Due to the enlarged samples, both results put the conclusion of Simon (1997) on a firmer footing, that the surface density of companions in the binary regime in different star forming regions (Taurus, Ophiuchus, Orion Trapezium) can be approximately described by θ −2 . The surface density of the companions is used to provide an upper limit for the separations in our survey. We choose 6.4 (half the field of view of the SHARP cameras), because chance projections of background or foreground objects would become important at larger separations.
Wide companions
The field of view of the SHARP I and the SHARP II+ cameras is 12.8 . Usually, we centered the object in one of the lower quadrants, where the number of bad pixels was lowest. We therefore should have seen all companions out to 3.2 in these measurements. For the wider companions we searched the 2MASS database. We found 11 infrared sources with a second source detected in the K-band within our separation range. These objects are marked with a "C" in Table 2 . None of them added to our list of companions (Table 5 ), because they had been already detected in our speckle data or were doubtful.
The "wide companions" of the sources Elias 21 (m comp K = 11.015 mag), VSSG 18 (12.284 mag) and VSSG 17 (13.291 mag) are indicated in the 2MASS All Sky Catalog as point sources falling within the elliptical boundary of an extended source. This suggests that the point sources are extractions of pieces of underlying nebulae. A visual inspection of the 2MASS images strengthens this suspicion. A similar case is the spurious source 5.5 west of GSS 32 with a brightness of m comp K = 13.339 mag. It is probably an artifact. Although Simon et al. (1995) found GSS 32 single, they did not reach the necessary sensitivity to falsify the wide companion (m K ≤ 9.2 mag). Terebey et al. (2001) and Haisch et al. (2002) classified GSS 32 as a single star. In our fitscubes of LFAM 3 GSS 32 appears in the upper, i.e. eastern quadrants of the chip. No companions are visible.
We preferred in the case of the south and the north component of SR 24 the separation and position angle following from the coordinates given in 2MASS over the discrepant relative position reported in Simon et al. (1995) from where we adopted the values for the close pair Na-Nb.
Number of systems after background subtraction
We find in our sample of 158 targets 49 fully resolved companions in the separation range 0.13 ≤ θ ≤ 6.4 . It thus contains 112 single stars, 43 binaries, 3 triples, and no quadruples. In addition we have to take into account that the probability p to detect a background star close to a surveyed star is (Sect. 6.4)
or ≈3 companions in the whole sample. Therefore, three of the companions should be chance projections. This leads to a companion star frequency of 0.29 ± 0.04. To correct the number of single, binary, and triple systems, we have to take into account that, e.g. "false" triple systems can be produced with a probability of p by the "true" binaries and with a probability of p 2 by "true" single star. Otherwise, e.g. the number of "true" single systems is increased when compared to the number of "observed" single systems by a factor 1/(1− p+O(p 2 )), because projected companions reduce their number. A brief calculation leads to 114.2 "real" single stars, 41.7 binaries, and 2.2 triple systems.
The restricted sample
For statistical purposes we also define a restricted sample, excluding all targets with uncertain association ("U" in Table 2 ) and including only companions with brightness ratios ≥0.1 where we are complete and with separations exceeding the diffraction limit. The brightness ratio of 0.1 for these young stars approximately corresponds to the limit in mass ratio of 0.1 used for the work on solar-like main-sequence stars (Duquennoy & Mayor 1991) . This restricted sample contains 38 companions around 139 primaries. For the restricted sample we find 103 single stars, 34 binaries, and 2 triple systems. The background density is only 0.6 × 10 −4 arcsec −2 for a detection limit of 12 mag on average. With p = 0.008 this sample thus contains 103.8 "real" single stars, 33.4 binaries, and 1.7 triple systems. The companion star frequency is 0.27 ± 0.04.
Discussion
Comparison to main-sequence stars
To compare our results with the solar-type main-sequence sample surveyed by Duquennoy & Mayor (1991) we transform their lognormal period distribution
with lg(P) = 4.8, σ P = 2.3, and P in days into a lognormal distribution of separations. This is not trivial since our observations are snapshots, i.e. we cannot derive periods by fitting the orbits. For random distribution of orbital planes the relation between semi-major axis and actual observed separation is given by (Leinert et al. 1993 )
The combined reduction of the average separation with respect to the semi-major axis would be by a factor of 0.98 if the eccentricities follow the distribution (Duquennoy & Mayor 1991) f (e) = 2e.
This allows to convert the orbital periods to average observed separations using Kepler's third law. With an assumed system mass of 1 M and r in astronomical units lg(P) and σ P transform into lg(r) = 1.48 and σ r = 1.53. The observed separation r scales with the cubic root of the total system mass. Alternatively, we use the well-known properties of mainsequence binaries to predict their number within the observed separation range. For Fig. 7 we simulated a sample of 10 7 systems with different masses or mass ranges (values in the plots). These systems have orbital elements according to Duquennoy & Mayor (1991) , i.e. the periods have the lognormal distribution (3) and the distribution of eccentrities is (5). The inclinations are distributed isotropically and the other parameters uniformly. After binning the results we fitted the distribution with a Gaussian (solid line). For a total system mass of 1 M we obtain lg(r) = 1.42 and σ r = 1.55. While σ r is constant for all masses and mass ranges the mean value increases as expected from lower to higher masses. For the plots in the following sections we will use lg(r) = 1.45 and σ r = 1.55, i.e the average of the values resulting from the system mass distributions 0.5 M . . . 2.0 M and 1.0 M . . . 1.5 M . They are in good agreement with our results above.
We assume 140 pc for the distance to the Ophiuchus Dark Cloud. The separation range thus covered by our sample is marked by the vertical dotted lines in Fig. 7 . n Stat is the percentage of the systems falling within these limits. After multiplying this value with the corrected (Duquennoy & Mayor 1991) multiplicity of the main-sequence sample (101 companions out of 164 systems) we find n MS , the number of companions we would have found if we had observed a sample of main-sequence stars in our survey. Due to the fact that with increasing masses the peak of the Gaussian drifts to larger separations and into our observation range, n MS also increases with the mass of the systems. However, for the masses considered here this effect is negligible. From the two plots with mass ranges we find n MS = (23.5 ± 4.8)%.
We will use this value as reference. After binning all companions within the separation range 0.13 ≤ θ ≤ 6.4 into four bins and subtracting the background we plot the result of our survey in Fig. 8 . Four bins are chosen since the original histogram by Duquennoy & Mayor (1991) also contains approximately four bins for the relevant range of separations or periods, respectively. The error is estimated as √ N. Comparing the slope of the distribution with that of the main-sequence we find good agreement. An exception is the overabundance of close companions (see Sect. 7.3.3). With a value of n Oph = (29.1 ± 4.3)%
the multiplicity is only 1.24 ± 0.31 times larger than for the main-sequence stars (6). For the restricted sample (see Fig. 12 ) we have n res Oph = (26.6 ± 4.4)% (8) or 1.13 ± 0.30 times the value for a main-sequence sample (6). We find the multiplicity in Ophiuchus marginally larger than for the main-sequence, but the difference is on the level of one σ only.
Comparison to previous surveys
The appraisal of multiplicity among young stars "in Ophiuchus" keeps changing. From the beginning, it has been centered on a comparison to the multiplicity observed in the Taurus-Auriga star-forming region. Ghez et al. (1993) observed the 24 known young stars brighter than m K = 8.5 mag in Scorpius and Ophiuchus and found no difference with respect to Taurus in the range of separations between 16 AU and 252 AU (0.1 −1.8 ), but a value of duplicity by a factor of 4 greater than that of the solar-type main-sequence stars (Duquennoy & Mayor 1991) . Simon et al. (1995) had a sample of 35 sources, selected by the randomness of lunar occultation observations (location of observatories, committee approval, weather, instrumental efficiency).
Supplemented by imaging for larger separations, they found that between 3 AU and 1400 AU (0.05 −10 ) Ophiuchus had a binary frequency of 1.1 ± 0.3 times that of nearby solar-type stars, while for Taurus this number was 1.6 ± 0.3. These are lower limits because no corrections for incompleteness were applied. Duchêne (1999) added the Gunn z band observations of Reipurth & Zinnecker (1993) to these earlier surveys, corrected for incompleteness and found an enhancement of multiplicity by a factor of 1.5 ± 0.3 (2.0 ± 0.3, when Simon et al. (1995) is not included) over the main-sequence value, quite the same as for the Taurus-Auriga association. Barsony et al. (2003) restricted the sample to objects searched by high-resolution near-infrared techniques. Adding new observations of this type for 19 optically selected sources from the environment of the main cloud L1688, they arrived at an overabundance of a factor of 2 ± 1 with respect to the main sequence for their sample of 80 objects, consistent with the values for the Taurus-Auriga star forming region. Duchêne et al. (2004) did a deep (3 mag ≤ ∆m lim K ≤ 7 mag) nearinfrared imaging survey of 63 embedded young stellar objects in Ophiuchus and Taurus, concluding that in the range of 110−1400 AU (0.8 −10 ) the multiplicity is about twice as large as for nearby solar-type main-sequence stars, and with no difference between Taurus and Ophiuchus. In this study the most embedded sources showed the highest multiplicity, still by a factor of 1.5 larger than the average. The latter result is similar to the findings in Haisch et al. (2002) on a sample of 19 embedded objects in Ophiuchus and Serpens. Our survey, with a duplicity of young stars in Ophiuchus close to that of the main-sequence sample of Duquennoy & Mayor, is similar in result to the study of Simon et al. (1995) again.
While the studies of Haisch et al. (2002) and Duchêne et al. (2004) , performed on small samples, delineate interesting and important trends with age of the objects, the difference of our work to the work of Barsony et al. (2003) needs some explanation. As shown in the appendix, the difference will not lie in the different efficiency of the surveys, since binary young stars are consistently found in the overwhelming majority of cases by both surveys with quantitatively good agreement. Differences then should result from the selection of the sample and the angular limits over which duplicity is considered. Barsony et al. (2003) in their survey and compilation of 80 objects, found 0.24±0.11 companions per primary for the range of 0.1 −1.1 . Choosing from their paper companions in the range of 0.13 to 6.4 , as applied in our study, the resulting number of companions per primary would increase to 0.33 ± 0.07, or 1.4 ± 0.4 above the expectation for the main-sequence sample of solar-type stars. Otherwise, when restricting our sample to separations between 0.13 and 1.1 we find a companion star frequency of 0.16 ±0.03. The differences are thus within the errors and naturally to be explained by differences in the samples. This just shows again the importance of large samples and to keep the sample by definition as complete as possible. The current survey with the selection criterion to take all stars brighter than m K = 10.5 mag that have shown convincing signs of youth compares well with previous work.
Implications for the formation process
The general frame in which we are looking at the data is the scenario that stars originally form with a high multiplicity, which then is reduced to the main-sequence value in dense environments by dynamical interactions on a short time scale. This does not mean that we want primarily to confirm this image, but that we want to check which comments or corrections with respect to this picture result from our study.
Density
Both the Taurus-Auriga and the ρ Ophiuchi molecular clouds are located at a distance of about 140 pc, contain of the order of 10 4 M of gas and dust and harbour several hundreds of young stars with an age of at most a few million years. What causes the smaller binary frequency found in our survey when compared with the result n Tau = (48.9 ± 5.3)% = (1.93 ± 0.26) n MS (9) found by Köhler & Leinert (1998) for Taurus-Auriga? n MS is the main-sequence binary fraction between their diffraction limit of 0.13 and their upper limit of 13 . We find n res Tau = (39.7 ± 4.8)% = (1.56 ± 0.31) n MS (10) after all companions with a flux ratio less than 0.1 have been removed. Taurus-Auriga is the prototypical site of low-mass starformation. Various studies of the large-scale structure have revealed a complex, irregular, and filamentary appearance. Embedded along this filamentary structures small (≈0.1 pc) and dense (≥10 4 cm −3 ) cores have been identified in which the young stars are forming. Their typical mass is 1 M and their kinetic temperature about 10 K. Typical visual extinctions are between 5 and 10 mag. The whole Taurus-Auriga aggregate covers an area of 300 pc 2 and thus the stellar surface density is a few stars pc −2 . Only weak clustering is apparent. Similar conditions are found when studying the outer regions of the ρ Oph complex. Loose filamentary and clumpy structures can be easily identified. A different environment is present in the main cloud L1688. This westernmost cloud contains in an area of only 1 × 2 pc a centrally condensed core of 600 M with active star formation. A large fraction of all young stellar objects in the ρ Oph molecular cloud are concentrated in this cluster. Stellar surface densities one or two orders of magnitudes higher than the values found in Taurus-Auriga are the result. Peak values of 5×10 3 stars pc −3 within the densest cores (Allen et al. 2002) are almost comparable to the values that are found in the Orion nebula cluster, although there the high densities extend over larger scales. The high star-formation efficiency in L1688 suggests that the cluster may remain gravitationally bound and thus survive as an open cluster (Lada et al. 1993) . The visual extinction can reach values between 50 and 100 mag. While the radiation field caused by massive stars plays a minor or even no role for the Taurus-Auriga complex , the ρ Ophiuchi molecular clouds are highly influenced by the nearby Upper Scorpius-Centaurus OB-association. This may be reflected by the cometary shape of the complex and the high density reached within L1688. The influence of nearby massive stars may have also triggered the rapid rise of star-formation about 1 million years ago in the central cloud L1688 (Palla & Stahler 2000) . All in all the ρ Oph Dark Cloud with its embedded cluster seems to be an important link between loose T associations and dense clusters. Duchêne (1999) in his quantitative comparison of various multiplicity surveys found that all dense clusters have binary fractions compatible with the main-sequence, while all the regions with a binary excess are loose associations. This favours a tight correlation between the density or a related parameter and the multiplicity of a star forming region. Our results seem to fit very well in this picture with a duplicity value lying between those of Taurus-Auriga and the main-sequence and hence dense clusters, both for the full and the restricted samples. In the context of dependence of duplicity on density of the star-forming region this would be a plausible result, more plausible than the large overabundance of companions found in some of the earlier surveys with smaller samples.
One consequence of this density hypothesis would be a difference between the multiplicity of the dense central region (L1688) and that of the less dense outer regions. Recalculating the companion frequency of the total sample for both the 117 sources within L1688 (16 h 25 m . . . 16 h 30 m , −25 • . . . − 24 • ) and for the 41 sources in the periphery reveals that the multiplicity of both is very similar:
Replotting the four bins displayed in Fig. 8 shows that the distribution of the separations of both subsamples differ only slightly from each other (Fig. 9) . A Kolmogorov-Smirnov test (Fig. 10 ) also favours a common distribution. The corresponding values for the restricted sample with 104 targets in the center and 38 targets in the periphery are
n res Per = (27.8 ± 8.9)% = (1.18 ± 0.45) n MS (14) Fig. 10 . A Kolmogorov-Smirnov test for the two datasets (center: black, periphery: grey). With a probability of 96% the two data sets are from the same sample.
with a probability of 29% that the two distributions are drawn from the same sample. This means that locally we cannot see a density effect of duplicity within the errors. The sources in the surroundings appear older on average than those within L1688 and part of them could have formed in a denser environment now dissolved. However, this is nothing more than a somewhat vague possibility. Our conclusion therefore is not as clear as one might want it to be.
Although density, or a related parameter seems to play a crucial role in the formation of binaries on a global scale, there is no statistical significance within the ρ Oph molecular cloud complex that areas with different densities show different multiplicities.
Temporal evolution
Star forming regions with a main-sequence binary fraction are found at all ages, e.g. IC 348 , Orion (Petr et al. 1998 ) with an age of a few million years, the Pleiades (Bouvier et al. 1997 ) with 120 Myr, and the Praesepe (Bouvier et al. 2001 ) with 700 Myr. This suggests that dynamic interactions, if responsible for reducing an originally high duplicity to much lower values, act very quickly in dense clusters, while little future effect has to be expected for low-density regions like Taurus-Auriga. Thus temporal evolution of the binary frequency is not in general responsible for the difference between the overabundance of companions found in TaurusAuriga when compared to the main-sequence. The fact that in the young but not too dense Ophiuchus star-forming region there remains an overabundance of companions, with the most embedded sources showing the highest degree of multiplicity (Duchêne et al. 2004) , would be compatible with the dynamical evolution of binarity in cluster environments (Kroupa 1995) .
We tried to see this effect in our sample with respect to the age of the different objects. We thus searched for their infrared classes in the literature. Although this classification scheme is more a morphological description than a direct indicator of the age, it provides the best approach when no spectroscopic data are available. To avoid systematic errors from different surveys we only used the classification provided by the mid-infrared survey of Bontemps et al. (2001) and the near-infrared study of Greene et al. (1994) . To be consistent with the classification in Bontemps et al. (2001) we decided to classify in Greene et al. (1994) objects with a spectral slope a > 0.55 as class I and those with a > −0.05 as flat spectrum sources. To distinguish between more evolved class II and class III objects in Greene et al. (1994) we used a = −1.6 as limit. WL 5 is an exception, since it is classified as an heavily reddened class III source. This conclusion is in agreement with the result in Bontemps et al. (2001) . All sources included in both samples are classified consistently with exception of L1689-IRS 5 and LFAM 3 that are according to Greene et al. (1994) flat spectrum sources, but are classified as class II sources in Bontemps et al. (2001) . Since LFAM 3 lies only marginally below the limit in Bontemps et al. (2001) we decided to classify it as flat spectrum source. Otherwise, L1689-IRS5 is only slightly above the limit in Greene et al. (1994) and well below in Bontemps et al. (2001) . We thus classified it as class II object. Class I and class II sources in Greene et al. (1994) with an upper limit for a are ignored. This leads to a sample of 6 class I, 7 flat spectrum, 54 class II, and 31 class III sources. The multiplicity of this subsample is n I−III = (32.8 ± 5.8)% = (1.39 ± 0.38) n MS (15) and thus compatible with the result found in (7) and (8) within the error bars. After separating the different evolutionary states we are left with subsamples that are no longer free from small number statistics (see Fig. 11 ):
There appears to be a trend that class III systems (WTTS) have fewer companions and at smaller separations than their class II (CTTS) counterparts. This was not found in Taurus. Ghez et al. (1993) suggested from a similar result on a smaller sample that close companions may help to clear circumstellar disks earlier and therefore appear more frequently in WTTS. Temporal evolution may be important in dense environments at early stages. In our sample of stars located in a cluster of medium density we are less sensitive to such an effect. However, the difference in the multiplicity and separation distribution between class II and class III sources and with respect to Taurus could nevertheless show real changes, maybe temporal evolution.
Another possibility is a biasing of the sample by a yet not distinguished older population of lower multiplicity. In the last section we excluded a strong influence of such a population in the periphery. Nevertheless, if the stars reside instead in the foreground, they could mimic the here discussed difference between the classes. Precise measurements, e.g. with GAIA of the parallaxes will test this idea.
Although temporal evolution seems to be not responsible for the reduction of the binary frequency in general except for the earliest stages, our survey indicates statistical differences between the infrared classes with respect to their companion frequencies and separation distributions.
Missing companions
Two possible explanations have been discussed by Duchêne (1999) for a low multiplicity of the Ophiuchus star forming region when compared to Taurus-Auriga. a) The distribution of the projected separations can be shifted to lower values, i.e. the "missing" companions are too close to be resolved and are hidden from our survey below the diffraction limit. b) The flux ratio of the companions is smaller for Ophiuchus, i.e. the "missing" companions are too faint to be detected.
To conclude on the first possibility, very high resolution observations (lunar occultations or interferometry) would have to be available for most of the sources of our survey, which is not yet the case. From Simon et al. (1995) and Barsony et al. (2003) there is at least evidence that no overabundance of stars with very close companions is present. However, both studies suffer from poor statistics. Figure 12 that displays the multiplicity as function of the separation for our restricted sample shows a trend that the sample is dominated by close companions. This overabundance is more apparent in the restricted sample than in the total sample (Figs. 8 and 12 ).
Concerning the second suggestion, Duchêne (1999) found from Ghez et al. (1993) that 73% of the binaries in Taurus, but only 23% of the binaries in Ophiuchus exhibit a magnitude difference between companion and primary of ∆m K < 1.5 mag. We want to check whether this also holds for our larger sample. In Fig. 13 the flux ratios of our companions in the total sample are displayed. Indeed, the whole sample is dominated by small flux ratios. About 59% of the systems show flux ratios below 0.4 and 33% below 0.2. This tendency to favour small flux ratios is introduced by the wide pairs (>1.3 ). The close companions are almost equally distributed. Even when the boundary between close and wide companions is varied, Kolmogorov-Smirnov tests show that the probability that the two distributions have a common origin is below 10%.
In Köhler & Leinert (1998) wide pairs (>1.3 ) are also dominated by small flux ratios, similar to the result displayed in Fig. 13 . On the other hand there is a clear tendency in TaurusAuriga for close binaries to exhibit a large fraction of equally bright systems possibly caused by a lack of close binaries with small flux ratios that are present in Ophiuchus. Such a population may be the reason for the finding in Duchêne (1999) .
A combination of the two trends, i.e. the high fraction of close binaries and the presence of close companions with low flux ratios, leads to the conclusion that "missing" companions may play a role with the implication that the full binary fraction over all separations would be more clearly enhanced than the binarity in our restricted sample.
Summary
-We presented a volume-limited multiplicity survey with magnitude cutoff (m K ≤ 10.5 mag) of 158 young stellar objects located within or in the vicinity of the ρ Ophiuchi Dark Cloud (L1688). The survey covers separations between 0.13 (diffraction limit) and 6.4 (background contamination) and is complete for flux ratios ≥ 0.1 (∆m K ≤ 2.5) at the diffraction limit. A restricted sample has been defined that is complete and excludes all uncertain cloud members. -The detection limit is m K ≈ 14 mag, and the stellar background density at this brightness is ≈1.5 × 10 −4 arcsec −2 . -Among the 147 targets newly observed with speckle techniques in the K-band we found 48 companions (40 binary and 4 triple systems). Five of these companions are below the diffraction limit of the telescopes and thus only marginally resolved. From the remaining 43 companions (39 binary and 2 triple systems) 14 are new detections including a third component in the previously known binary system ROXs 42B and the resolution of the previously known companion of L1689-IRS 5 into two sources. -The surface density of the companions Σ as a function of the separation θ can be well fitted by the power law Σ(θ) ∝ θ −2.13±0.07 . -Within the range 0.13 ≤ θ ≤ 6.4 our multiplicity is (29.1 ± 4.3)% for the total and (26.6 ± 4.4)% for the restricted sample. -This value is 1.24 ± 0.31, respectively 1.13 ± 0.30 times the main-sequence value. The close similarity between Taurus and Ophiuchus found in most previous surveys is questioned by our result, which is based on a larger and more complete sample. -The idea that the observed duplicity in star-forming regions is governed by some process related to the density of the stellar environment gets global support from our observations. This process has been suggested earlier to be related either to the formation process or to dynamical interaction afterwards. Observations like those of Duchêne (1999) and Haisch et al. (2002) tend to favour the second scenario. Our data are not sensitive to this alternative. -There seems to be a relation between spectral classes and binary fraction. Class II objects have a multiplicity twice that of class III objects. This relation has not been found in the Taurus-Auriga survey (Köhler & Leinert 1998 ). -Our results find their place in the paradigm of originally very high multiplicity of young stellar objects that then is reduced by dynamical interactions to different degrees in environments of different densities. This may be the global picture, however, locally within our sample we see no significant difference between the ρ Ophiuchi Dark Cloud (L1688) and its less dense environment. Only the differences between class II and class III sources may point to evolution. -A population of close binaries with low flux ratios not present in Taurus, for which first indications exist, may be a partial answer to the question why the multiplicity in Taurus-Auriga is so clearly higher than in Ophiuchus. Barsony et al. (2003) compiled a list of all known binary and multiple systems associated with the ρ Ophiuchi Dark cloud. In Table A .1 we list all sources of this compilation with a separation in the range 0.05 ≤ θ ≤ 6.7 that have been newly observed within the scope of our survey. The first column gives the name used in our survey. If Barsony et al. (2003) used another designation it appears in the last column. The second column gives their references. The references printed in bold font are those that we used to derive the values for the position angles, the separations and the flux ratios in the Cols. 4, 5, and 6. The date of observation in this reference is given in Col. 3. For comparison our results are listed in the subsequent columns. Only one companion was not detected in our survey. This is probably caused by the small separation below the diffraction limit of our telescope. Otherwise, we detected additional companions of ROXs 42B and L1689-IRS 5 transforming these objects into triple systems. The new companion of ROXs 42B (Fig. A.1 ) is a faint knot west of the primary. In the case of L1689-IRS 5 (Fig. A. 2) the previously known companion splits up into two point sources with equal fluxes. They are visible as a elongated structure in the shift-and-add images and are very prominent in the visibility. Unfortunately, a probable third component of ROXs 16 is too close to distinguish between an elongated structure and a point source.
Although the binary parameters derived in our analysis are in general very similar to those provided by the papers used as references in Table A .1, some important differences exist. The position angle of the binaries ROXs 5, VSSG 25 and IRS 44 have changed approximately 180
• since the last observations. Due to the fact that the separations did not change either the flux ratio has changed significantly or the measurements suffer from the 180
• ambiguity. Furthermore, some flux ratios have changed at least by a factor of two: ROXs 16 (maybe mainly an effect of the probable new companion), VSSG 3, Elias 30, VSSG 17, and of the close companion of ROXs 42B. Finally, the relative positions of the companions orbiting SR 2 and ROXs 42C have changed significantly.
Appendix B: Additional sources
During our speckle observations we recorded 12 sources not part of the final sample (see Table B .1). BKLT J162637-241602 has been observed by chance due to its location close to BKLT J162636-241554. Although VSS 28 is probably not a member of the Ophiuchus molecular clouds, we observed it with speckle techniques, because the area around VSS 28 has been used to determine the background density. While DoAr 58 was listed as HBC 269 in Herbig & Kameswara Rao (1972) , it has been removed in the third edition of this catalogue (Herbig & Bell 1988) . The remaining objects are either background giants or foreground dwarfs.
VSS 28 is a binary that has been observed with a separation of 0.344 ± 0.005 at a position angle of 308.3
• ± 0.7
• in the night following the 4th July 2001. The flux ratio of the two components is 0.203 ± 0.026 and we can exclude at a distance The newly detected triple system L1689-IRS 5. Diplayed are the visibility, the Knox-Thompson phase, the bispectrum phase, and the reconstructed image. The visibility clearly shows that the wide pair (narrow stripes) is superimposed by a close pair almost at the diffraction limit (the two wide stripes). of 0.15 (0.50 ) from the main component companions with flux ratios larger than 0.07 (0.04). Another binary is GY 45. The 2MASS images of this source show a very symmetric extension to the south that has been detected in all three wavelength bands. We inspected our shift-and-add images and found a shallow glow at the calculated position only 2σ above the background. The parameters of this binary can be derived from the 2MASS survey. The companion resides at a position angle of 168.4
• ± 1.8
• with a separation of 4.977 ± 0.144 and a flux ratio of 0.017 ± 0.003. In our speckle data obtained at the 17th June 2000 we can exclude at a distance of 0.15 (0.50 ) from the main component companions brighter than 0.04 (0.03) times the flux of the primary. All the remaining ten sources are single stars. & Bell (1988) 
